WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 




(11) International Publication Number: 


WO 00/17127 


C04B 35/19, 41/85 


Al 










(43) International Publication Date: 


30 March 2000 (30.03.00) 



(21) International Application Number: PCT/ZA99/00095 

(22) International Filing Date: 17 September 1999 (17.09.99) 



(30) Priority Data: 

98/8560 
99/1435 



1 8 September 1 998 ( 1 8.09.98) ZA 
23 February 1999 (23.02.99) ZA 



(71) Applicant (for all designated States except US): DAKOT CC 

[ZA/ZA]; 22 Siyayi Avenue, 3867 Mtunzini, Kwazulu Natal 
(ZA). 

(72) Inventor; and 

(75) Inventor/Applicant (for OS only)'. KOTZE, Dirk, Albertus 
[ZA/ZA]; 57 Raphia Crescent, 3867 Mtunzini, Kwazulu 
Natal (ZA). 

(74) Agent: D.M. KISCH INC.; P.O. Box 781218, 2146 Sandton 
(ZA). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, 
GD. GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, 
ZA, ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, SL, 
SZ, TZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, 
MD, RU, TJ, TM), European patent (AT, BE, CH, CY, DE, 
DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, 
MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: CERAMIC PRODUCT BASED ON LITHIUM ALUMINIUM SILICATE 
(57) Abstract 

A ceramic product, particularly one for handling molten aluminium, which contains at least 70 % lithium aluminium silicate on a 
mass per mass basis is disclosed as well as a method of improving the non-wettability of the product. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


CN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cole d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/17127 



PCT/ZA99/00095 



CERAMIC PRODUCT BASED ON LITHIUM ALUMINIUM SILICATE 

V Technical Field 

This invention relates to a ceramic product, and then particularly one for 
5 handling molten aluminium. 

In this specification the term 'ceramic product 1 refers to a product which has 
been formed by firing a ceramic raw material to a suitable temperature. 

10 

Background Art 

Molten aluminium, which has a relatively low melting point of ± 700°C, is 
difficult to handle and for this reason the apparatus used usually comprises a 
product that has a high thermal shock resistance, a high resistance to 
15 wettability, a low thermal conductivity/capacity, and high strength. 

None of the products which has hitherto been used for the aforesaid purpose, 
amongst others aluminium titanate; fused silica; cast iron and fibrous ceramic 
board, has ideal properties in this regard. 

20 

Object of the invention 

It is an object of this invention to provide a ceramic product which the applicant 
believes has advantages over the known arrangements. 
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Disclosure of the invention 

According to the invention a ceramic product is provided which contains at least 
70% lithium aluminium silicate on a mass per mass basis. 

5 

Lithium aluminium silicate (hereafter referred to as LAS) occurs naturally as the 
mineral petalite, and is used in small quantities in ceramic formulations instead 
of feldspar in order to decrease the thermal expansion of such formulations, 
and hence improve their resistance to thermal shock. It is also used in glass 
10 compositions for stove tops and oven ware. 

Applicant has now found that an LAS-ceramic product according to the 
invention has extremely low thermal expansion and can hence as such be used 
in any apparatus subjected to any form of heat exposure, such as for example, 
1 5 that occurring in the handling of molten aluminium. 

Such an LAS-ceramic product can be manufactured by forming a suitable 
quantity of finely divided petalite in any of the conventional methods such as 
slip casting; extrusion or injection moulding; and wet or dry pressing and then 
20 firing it at a temperature in the order of between 1 150°C and 12tO°C. 

For use in the aluminium industry, such an LAS-ceramic product does not have 
to be fired to full density. It has been found that fired densities of the order of 
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60 to 70% of the theoretical are obtained when firing at between 1150 and 
1210°C. At these densities, the product shows no dimensional changes, no 
J thermal expansion, adequate strength (MoR 30 to 40 MPa), a low thermal 
conductivity and thermal capacity, and also takes an excellent coating when 
5 painted with protective materials such as boron nitride, as is normal practice in 
the aluminium industry. It can furthermore be impregnated with liquid 
substances intended for enhancing the metallurgical properties of the product. 

If required, the density of the LAS-ceramic product can be lowered by the 
10 addition of fly ash microspheres and/or a suitable combustible material. 

Further according to the invention the LAS-ceramic product according to the 
invention includes a non-wetting agent which has been incorporated in the fired 
LAS-ceramic product. 

15 

The reason for such incorporation is that the inherent wettability of LAS by 
molten aluminium poses severe problems when the protective coating usually 
provided on the LAS-ceramic product is removed, which may, for example, 
happen during use of the ceramic product. 

20 

It has furthermore been found that such wettability cannot be reduced by the 
incorporation of known non-wetting agents in the ceramic formulation of the 
product according to the invention, because such agents tend to react with the 
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LAS during the firing process causing them to lose their ability as non-wetting 
agents. 

Furthermore, by incorporating the non-wetting agent in the fired LAS-ceramic 
5 product, the thermal expansion properties of the ceramic product are not 
adversely affected. 

Further according to the invention the non-wetting agent comprises barium 
sulphate (BaS0 4 ), which is a well known non-wetting agent in the ceramic 
10 industry. 

Further according to the invention a method for improving the non-wettability of 
an LAS-ceramic product is provided which includes the step of providing a 
suitable non-wetting agent such as BaS0 4 in the fired LAS-ceramic product. 

15 

In one form of the invention the BaS0 4 may be provided in the fired LAS- 
ceramic product by impregnating the semi-porous fired LAS-ceramic product 
with a saturated aqueous solution of barium sulphide (BaS) which, after drying, 
is oxidised in situ to BaS0 4 . 

20 

Such oxidation may be effected by calcining the dried product to 500 - 800°C in 
an oxidising atmosphere. 
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Commercial BaS can be used, or BaS can be prepared by the reduction of 
BaS0 4 with carbon at 1 1 90°C, or with ammonia at 1 000°C. 

In another form of the invention the BaS0 4 may be provided by impregnating 
5 the semi-porous fired LAS-ceramic product with a solution of BaCk, and then 
treating the product with sulphuric acid to cause BaS0 4 to precipitate inside the 
pores of the ceramic product. 

Preferably the BaCb-solution is a substantially saturated one, and the sulphuric 
10 acid comprises diluted sulphuric acid. 

The BaCl2 - solution can either be prepared by dissolving BaCI 2 in water, or by 
treating BaC03 with hydrochloric acid. 

15 In a preferred form of the invention the ceramic product according to the 
invention comprises substantially 100% LAS (mass per mass). 

Best mode for carrying out the Invention 

A semi-porous LAS-ceramic product according to the invention comprising 
20 100% (mass per mass) LAS is provided by forming a suitable quantity of 
petalite in finely divided form by means of any one of the conventional methods 
such as slip casting; extrusion of injection moulding; or wet or dry pressing, and 
firing the formed product at a temperature of between 1 150°C and 1210°C. 
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Preferably said finely divided petalite comprises a mixture of two fractions : 
'* - a first one having an average particle size in the order of 1 micrometer, 
used in a concentration from 50 to 100% (mass per mass); and 
5 a second one having a particle size finer than 75 micrometer, used in a 

concentration of from 0 - 50% (mass per mass). 

The non-wettability of said LAS-ceramic product is improved according to the 
invention by incorporating BaS0 4 as non-wetting agent in the product in any 
1 0 one of the following two methods : 

1- BaS - Impregnation 

(i) A solution of BaS is prepared by intimately mixing one mass part 
of BaS0 4 with half a mass part of carbon, and firing the mixture at 

15 1190°Cfor2hours; 

(ii) One mass part of the product of step (i) is added to four mass 
parts water; boiled for 12 hours; and the solids filtered off; 

(iii) The solution resulting from step (ii) is kept at boiling point, and the 
semi-porous LAS-ceramic product immersed in the boiling 

20 solution for 15 minutes; 

(iv) The impregnated product is air-dried and then calcined at 500 - 
800°C for 3 hours. 
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2. BaCI? - Impregnation 

(i) A saturated solution of BaCI 2 is prepared by dissolving 59g BaCI 2 
in 100ml H 2 0 at 100°C. (Alternatively 1 kg BaC0 3 in 0,95kg H 2 0 
is treated with 1 ,1 1kg HCI (33% concentration by volume) to form 

5 a saturated solution of BaCI 2 ); 

(ii) A diluted solution of H 2 S0 4 (concentration not critical, say 50% 
(volume by volume) is prepared; 

10 (iii) A cooled down semi-porous as fired LAS-ceramic product is 

impregnated with the boiling BaCI 2 - solution; 

(iv) The ceramic product is cooled down to cause BaCI 2 to precipitate 
out in the pores of the ceramic product; 

15 

(v) Any excess water is removed from the ceramic product under 
vacuum; 

(vi) The ceramic body is impregnated with the diluted H 2 S0 4 which 
20 reacts with the BaCI 2 to cause BaS0 4 to precipitate inside the 

pores of the ceramic product; 
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(vii) The ceramic product is dried and calcined to 700°C to remove all 
volatiles. 

In both instances an LAS-ceramic product is formed which is substantially non- 
5 wettable with molten aluminium. 

It will be appreciated that the invention also includes within its scope an LAS- 
ceramic product of which the non-wettability has been improved by the 
incorporation therein of BaSo4 by any one of the aforesaid two methods. 

10 

Results obtained with a product according to the Invention 

The following results were obtained comparing an LAS-ceramic product 
according to the invention with products conventionally used in the handling of 
molten aluminium. 

15 

In compiling these results, the importance to the process of the relevant 
refractory property is rated from 1-10, and then multiplied by the rating (1 - 10) 
of the specific ceramic material in terms of the property, in order to generate a 
normalised rank for the different materials in terms of their total performance. 

20 
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Competitive products 

Aluminium Titanate 
Fused Silica 
Cast Iron 

Fibrous Ceramic Board 
Ceramic LAS - Product 



(AT) 

(FS) 

(CI) 

(CB) 

(LAS) 



2. Weighted properties 

Thermal Shock Resistance (10) 

10 Resistance to Wetting (8) 

Thermal Conductivity/Capacity (5) 

Strength (5) 



15 



20 



Material ratings 

3.1 Thermal Shock fx 10) 

AT 10 (100) 

FS 10 (100) 

CI 10 (100) 

CB 6 (60) 

LAS 10 (100) 
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Wettability (x 8) 



AT 10 (80) 

FS 4 (32) 

CI 0 (0) 

CB 10 (80) 

LAS 10 (80) 

Thermal Conductivity/Capacity (x 5^ 

AT 3 (15) 

FS 8 (40) 

CI 0 (0) 

CB 10 (50) 

LAS 10 (50) 

Strength fx 5) 

AT 10 (50) 

FS 6 (30) 

CI 10 (50) 

CB 2 (10) 

LAS 10 (50) 
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Total Ratings 

Aluminium Titanate (AT) (245) = ±9 

Fused Silica (FS) (207) ±7 

Cast Iron (CI) (150) = ±5 

5 Ceramic Board (CB) (200) = ±7 

Ceramic LAS - product (LAS) (280) = ±10 

It is clear from the above results that when used for the handling of molten 
aluminium, an LAS-ceramic product according to the invention has much better 
10 overall properties than those of the aforementioned known products. 

It will also be appreciated that there are no doubt any variations in detail 
possible with a ceramic product according to the invention without departing 
from the spirit and/or scope of the claims. 

15 
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CLAIMS 

1. A ceramic product, characterised in that it contains at least 70% lithium 
aluminium silicate on a mass per mass basis. 

5 

2. The ceramic product of claim 1, characterised in that the lithium 
aluminium silicate comprises petalite in finely divided form which has 
been fired to a temperature in the order of between 1 150°C and 1210°C. 

10 3. The ceramic product of claims 1 or 2, characterised in that it comprises 
substantially 100% lithium aluminium silicate on a mass per mass basis. 

4. The ceramic product of any one of the preceding claims, characterised 
in that it includes a non-wetting agent which has been incorporated in 

1 5 the fired LAS-ceramic product. 

5. The ceramic product of claim 4, characterised in that the non-wetting 
agent comprises barium sulphate. 

20 6. A method of improving the non-wettability of the ceramic product of any 
one of claims 1 to 3, characterised in that it includes the step of 
providing a non-wetting agent such as barium sulphate in the fired LAS- 
ceramic product. 
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7. The method of claim 6, characterised in that the barium sulphate is 
provided in the fired LAS-ceramic product by impregnating the semi- 
porous fired LAS-ceramic product with a saturated aqueous solution of 

5 barium sulphide (BaS) which, after drying, is oxidised in situ to BaS0 4 . 

8. The method of claim 7, characterised in that the oxidation is effected by 
calcining the dried product to 500 - 800°C in an oxidising atmosphere. 

10 9. The method of claim 6, characterised in that the BaS0 4 is provided by 
impregnating the semi-porous fired LAS-ceramic product with a solution 
of BaCI 2 , and then treating the product with sulphuric acid to cause 
BaS0 4 to precipitate inside the pores of the ceramic product. 

15 10. The method of claim 9, characterised in that the BaCI 2 - solution is a 
substantially saturated one, and the sulphuric acid comprises diluted 
sulphuric acid. 



11. 

20 



A method of forming the ceramic product of any one of claims 1 to 5, 
characterised in that it includes the step of firing petalite in finely divided 
form to a temperature in the order of between 1 150°C and 1210°C. 
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12. The method of claim 11, characterised that the product is formed by 
means of any one of the following methods: slip casting; extrusion or 
injection moulding; wet or dry pressing. 

5 13. The method of any one of claims 11 or 12, characterised in that the 
finely divided petalite may comprise a mixture of two fractions: 

a first one having an average particle size in the order of 
1 micrometer, used in a concentration from 50 to 100% (mass per 
mass); and 

10 - a second one having a particle size in the order of 75 micrometer, 

used in a concentration of from 0 - 50% (mass per mass). 



15 
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